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PROBLEM 15.CQ1 



A rectangular plate swings from arms of equal length as shown 
below. What is the magnitude of the angular velocity of the 
plate? 

(a) 0 rad/s 

(b) 1 rad/s 

(c) 2 rad/s 
id) 3 rad/s 

(e) Need to know the location of the center of gravity 
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PROBLEM 15.CQ2 

Knowing that wheel A rotates with a constant angular velocity and that no 
slipping occurs between ring C and wheel A and wheel B, which of the 
following statements concerning the angular speeds are true? 

(a) co n = co* 

(b) co a > (Ob 

(c) o„ < (!),, 

(d) co n = co f 

(e) the contact points between A and C have the same acceleration 



SOLUTION 



Answer: ( b ) ^ 
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PROBLEM 15.1 



The brake drum is attached to a larger flywheel that is not shown. The 
motion of the brake drum is defined by the relation 9 = 36t -\.6t 2 , 
where 9 is expressed in radians and t in seconds. Determine (a) the 
angular velocity at t — 2 s, (b) the number of revolutions executed by the 
brake drum before coming to rest. 
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PROBLEM 15.2 

The motion of an oscillating crank is defined by the relation# = 6 0 sin (xt/T) - (0.5# 0 ) sin (2 fit IT), where 6 is 
expressed in radians and t in seconds. Knowing that Q {) = 6 rad and T - 4 s, determine the angular 
coordinate, the angular velocity, and the angular acceleration of the crank when (a) t - 0, (b) t- 2 s. 
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PROBLEM 15.3 

The motion of a disk rotating in an oil bath is defined by the relation 9 — 0 Q (1 - e ~" A ), where 9 is expressed in 
radians and t in seconds. Knowing that 9 0 = 0.40 rad, determine the angular coordinate, velocity, and 
acceleration of the disk when (a) t — 0, (b) t- 3 s, (c) t = °°. 



SOLUTION 


■'fr 

T 

1 

© 

o 

II 






» = - = -( 0.40)e _f/4 =0.10e _,/4 
dt 4 

a = — = - — (0.10)e _,/4 = -0.025e _f/4 
dt 4 




II 

© 


<9 = 0.40(1 -e°) 


9-0 ◄ 




co = 0A0e° 


co- 0.1000 rad/s 4 




a - -0.025e° 


a = -0.0250 rad/s 2 ◄ 


( b ) t = 3 s: 


9 = 0.40(1 -e _3/4 ) 






= 0.40(1-0.4724) 


6> = 0.211 rad ◄ 




co = 0A0e~ y4 






= 0.10(0.4724) 


(0 - 0.0472 rad/s A 




a = -0.025e~ m 






= -0.025(0.4724) 


a = -0.01 181 rad/s 2 ◄ 


(c) t = °°: 


9 = 0.40(1 -e -00 ) 






= 0.40(1-0) 


9 - 0.400 rad ◄ 




<y = 0.10e“°° 


co-0 ◄ 




a - -0.025e“°° 


a- 0 ◄ 
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PROBLEM 15.4 

The rotor of a gas turbine is rotating at a speed of 6900 rpm when the turbine is shut down. It is observed that 
4 min is required for the rotor to coast to rest. Assuming uniformly accelerated motion, determine (a) the 
angular acceleration, (b) the number of revolutions that the rotor executes before coming to rest. 



SOLUTION 


co Q = 6900 rpm 
= 122.51 rad/s 
t = 4 min = 240 s 




(a) 


co = co 0 + at-. 


0 = 722.57 + a(240) 






a = -3.0107 rad/s 


a = -3.01 rad/s 2 4 


(b) 


6 = co 0 1 + -at 2 = (722.57)(240) + -(-3.0107)(240) 2 
6 = 173,416 - 86,708 = 86,708 rad 






0 = 86,708 rad 


1 rev 

v 2;rrad J 


0= 13,80 rev ◄ 
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PROBLEM 15.5 

A small grinding wheel is attached to the shaft of an electric motor 
which has a rated speed of 3600 rpm. When the power is turned 
on, the unit reaches its rated speed in 5 s, and when the power is 
turned off, the unit coasts to rest in 70 s. Assuming uniformly 
accelerated motion, determine the number of revolutions that the 
motor executes (a) in reaching its rated speed, (b) in coasting 
to rest. 



SOLUTION 






For uniformly accelerated motion, 






(O = a> 0 + at 


(1) 




1 ? 

0 = 0 O + a> 0 t + —at 


(2) 


(a) Data for start up: 


0 O — 0, — 0, 




c/T 

LT) 

II 

•*".4 

< 


CO = 3600 rpm = -^-^600) _ ra d/s 

60 




From Eq. (1), 


120/r = a( 5) a = 2 Ak rad/s 2 




From Eq. (2), 


6 = 0 + 0 + ^-(24;r)(5) 2 = 300/r radians 




In revolutions, 


300/r 

U = 

2 n 


0 = 150 rev 4 


( b ) Data for coasting 


to rest: 






9 {) =0, (Oq- 1 20/r rad/s 




At r — 70 s, 


co-0 




From Eq. (1), 


0 = 120/r a( 70) a = l2 ° * rad/s 

70 




From Eq. (2), 


9 = 0 + (120^)(70) ( 120;r)(70) = 4200/t radians 
2(70) 




In revolutions, 


. 4200/r 

U = 

2 n 


0 = 2100 rev 
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PROBLEM 15.6 

A connecting rod is supported by a knife-edge at Point A. For small oscillations 
the angular acceleration of the connecting rod is governed by the relation a = -66 
where cns expressed in rad/s 2 and 0 in radians. Knowing that the connecting rod is 
released from rest when 0 = 20°, determine (a) the maximum angular velocity, 
( b ) the angular position when t- 2 s. 



SOLUTION 

Angular motion relations: 



dco codco 

a = = = -60 

dt dO 



Separation of variables co and Ogives 

codco --60d0 

Integrating, using co — 0 when 0 - 0 0 , 



r OJ r 8 

codco-- 6 OdO 

JO J On 



^ CO 2 = -3(0 2 -Oq) = 3(0q - 0 2 ) 



or = 6{0l - 0 2 ) 



co 



■^6(0, ]-0 2 ) 



(a) co is maximum when 0 = 0. 



Data: 



d0 

(b) From CO = — we get 
dt 



0 n = 20° = 0.34907 radians 



= 6(0.34907 2 -0) = 0.73108 rad 2 /s 
dO 



, dO 1 

dt = = 

CO 



S ^0l-0 2 



Integrating, using t = 0 when 0-0 Q , 






i r* do 



V6 J e ° Jo 2 - 0 



1 2—1 0 

t = — ^cos — 

V6 O 0 



1 



0-cos 



oO_ 

Opl 



1 0 

= — ^cos 

\[6 0q 



(1) 



= 0.855 rad/s 4 



0 = 0 O cos(V6t) = 0.34907 cos[(V6)2] = (0.34907)(0. 18551) = 0.064756 radians 



0 = 3.71° ◄ 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permissioi 




Kabil 






Vertical 




PROBLEM 15.7 

When studying whiplash resulting from rear end collisions, the rotation of the head is 
of primary interest. An impact test was performed, and it was found that the angular 
acceleration of the head is defined by the relation cr = 700cos# + 70sin# where a is 
expressed in rad/s 2 and 6 in radians. Knowing that the head is initially at rest, 
determine the angular velocity of the head when 0- 30°. 



SOLUTION 

Angular motion relations: 

Separating variables <59 and Ogives 
Integrating, using <59 = 0 when 6 - 0, 



dco codco . 

a = = = 700 cos 0 + 10 sin 0 

dt dO 



codco — (700 cos 0 + 70 sin 0)d0 



Data: 



r (O r 0 

codco- (700cos# + 10sm0)d6 

Jo Jo 



^-or = (700sin #-70cos 0) 



= 700 sin 0 + 70(1- cos 0) 
co- f 400 sin # + 1 40(1 - cos #) 

0 - 30° = —rad 

6 



With calculator set to “degrees” for trigonometric functions, 

CO = ^1400 sin 30° + 1 40(1 - cos 30°) = 26.8 rad/s 

With calculator set to “radians” for trigonometric functions, 

<59 = yjl 400sin(yr/6) + 140(1 - cos(;r/6)) = 26.8 rad/s 



CO = 26.8 rad/s A 
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PROBLEM 15.8 



The angular acceleration of an oscillating disk is defined by the relation a = —kO. Determine (a) the value of k for 
which co — 8 rad/s when 6 = 0 and 6 = 4 rad when 0 ) = 0, (b) the angular velocity of the disk when 6 = 3 rad. 
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PROBLEM 15.9 

2 

The angular acceleration of a shaft is defined by the relation a = -0.25 <59, where a is expressed in rad/s 
and co in rad/s. Knowing that at t - 0 the angular velocity of the shaft is 20 rad/s, determine (a) the number 
of revolutions the shaft will execute before coming to rest, (b) the time required for the shaft to come to rest, 
(c) the time required for the angular velocity of the shaft to be reduced to 1 percent of its initial value. 



SOLUTION 


a - -0.25 co 
dco 

co — = -0.25 co 
dd 

dco = -0.25d0 




(a) 


f° d co = -0. 25\ e d0\ (0 - 20) = -0.256 \ <9 = 80 rad 

I 20 rad/s J 0 






rev 

0 = (80 rad) 

2 k rad 


0 - 12.73 rev A 


(b) 

J 


a = -0.25co\ — = -0.25 co\ — = -0.25 dt 

dt CO 

• co p t 

= —0.25 r dt llnfitl® =-0.25t 

20 rad/s CO •> 0 






t — (In <y- In 20) = 4(ln 20 - In < 59 ) 

0.25 






a, 20 

t = 4 In — 

CO 


(1) 


For co-0 


8 

jg 

ll 

8|° 

11 


t - 00 


(i c ) For 


<59 = 0.01r<9 0 = 0.01(20) = 0.2 rad 




Use Eq. (1): 


f 20 

f = 41n — =4 In 100 = 4(4.605) 

10.2J 


r = 18.42 s ◄ 
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SOLUTION 



EA 2 =0.4 2 +0.4 2 +0.2 2 
EA = 0.6 m 

r c/E = “(°- 4 m )i + (0.15 m)j 
EA = -(0.4 m)i + (0.4 m) j + (0.2 m)k 

X EA = — = — (-0.41 + 0.4 j + 0.2k) = - (-2i + 2 j + k) 



EA 0.6 



1 



co = OJ Ah X EA = (9 rad/s) — (-2i + 2j + k) 

CO = -(6 rad/s)i + (6 rad/s )j + (3 rad/s)k 

i j k 



v c - co x r c/E 



-6 6 3 

-0.4 0.15 0 



-0.45i - 1.2j + (-0.9 + 2.4)k 



v c = -(0.45 m/s)i - (1.2 m/s)j + (1.5 m/s)k 4 



a Ac xr c/£ + (®xr c/£ )- a AC xr cffi + cox v, 



a c -0 + 



i j k 

-6 6 3 

0.45 -1.2 1.5 
= (9 + 3.6)i + (-1.35 + 9)j + (7.2 + 2.7)k 

a c = (12.60 m/s 2 )i + (7.65 m/s 2 )j + (9.90 m/s 2 )k A 
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PROBLEM 15.11 



In Problem 15.10, determine the velocity and acceleration 
of corner 5, assuming that the angular velocity is 9 rad/s 
and increases at the rate of 45 rad/s 2 . 

PROBLEM 15.10 The bent rod ABCDE rotates about a 
line joining Points A and E with a constant angular velocity 
of 9 rad/s. Knowing that the rotation is clockwise as viewed 
from E, determine the velocity and acceleration of corner C. 
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PROBLEM 15.12 



The assembly shown consists of the straight rod ABC which 
passes through and is welded to the rectangular plate DEFH. 
The assembly rotates about the axis AC with a constant 
angular velocity of 9 rad/s. Knowing that the motion when 
viewed from C is counterclockwise, determine the velocity 
and acceleration of corner F. 
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PROBLEM 15.13 



In Problem 15.12, determine the acceleration of corner H, 
assuming that the angular velocity is 9 rad/s and decreases at 
a rate of 18 rad/s 2 . 

PROBLEM 15.12 The assembly shown consists of the 
straight rod ABC which passes through and is welded to the 
rectangular plate DEFH. The assembly rotates about the axis 
AC with a constant angular velocity of 9 rad/s. Knowing that 
the motion when viewed from C is counterclockwise, 
determine the velocity and acceleration of corner F. 
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